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Abstract 
Assessing risk management capability (RMC) of contractors prior to their selection for a project would contribute significantly to 
project successful delivery. This paper assessed current RMC of Federal highway projects contractors in Nigeria. The study 
involves review of literatures and questionnaire survey of eighteen rehabilitation projects across Southwest of Nigeria. Maturity 
levels of the contractors were assessed on four level scale using Fuzzy set theory. The result suggested that overall risk management 
maturity level of the contractors is ‘novice’. It also indicated maturity levels of contractors on different RMC attributes and provides 
additional decision support information for selecting winning bid. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of GLTR International Sdn. Berhad. 
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1. Introduction 
Since 2001, successive Federal Governments of Nigeria embarked upon extensive rehabilitation and expansion of 
the existing Federal highways across the six geopolitical zones of Nigeria. Almost all the fully and substantially 
completed highway projects had failed to achieve their original performance objectives. Although studies carried out 
by Moura, Teixeira and Pires (2007) revealed that time overrun is a global issue, the percentage increase is often higher 
in developing countries and uncertainty factors leading to the overrun vary from one country to another. In Nigeria, 
Aibinu and Odeyinka (2006) identified numerous uncertain events leading to delay on building projects and other 
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construction projects. However, Project Management Institute (2004) described uncertain events or conditions that 
occur with positive or negative effect on any of the project performance objectives as risk. Therefore, all uncertain 
events that are linked to time overrun on highway projects are potential risk factors that have to be properly managed 
to ensure successful performance of the projects. 
 For effective management of risks, stakeholders’ analysis is important as specified in the Australian and New 
Zealand standard on risk management (AS/NZS 4360, 2004). Similarly,  Mafakheri, Breton and Chauha (2012) argued 
that if an organisation is highly matured in  the management of  identified risk events on projects, the consequence of 
the risk events on project performance objectives will be reduced. Therefore, in lieu of the numerous and diverse 
potential risk factors on construction projects, it is important for clients to have proper understanding of the risk 
management capability of the construction organisations prior to the award of construction contracts. There are few 
studies on the assessment of risk management capability of highway contractors in developing countries. Hence, this 
paper presents a methodology for assessing risk management capability of the construction organisations on highway 
rehabilitation projects in Nigeria. The research objectives includes :(i) identifying the attributes and dimensions of 
risk management capability for effective assessment of risk management maturity of highway contractors and(ii) 
assessing the current risk management maturity of different construction organisations on highway rehabilitation 
projects in Nigeria. 
 
2. Organisational risk management capability 
 
The sophistication of organisations on risk management practice will determine their risk management maturity 
level on projects (Akkirajul, Nayak, Torok and Kaenell, 2010). Hence, Mu et al. (2013) indicated that it is very 
important to properly understand risk management capability of construction organisations in lieu of the high risk 
nature of construction business. Monetti, Rosa and Rocha (2006) concluded that measurement of the current risk 
management processes and cultures is the starting point in understanding the risk management capability (RMC)of 
organisations. Studies conducted by researchers and organisations such as Ren and Yeo (2004), Zou, Chen and Chan 
(2010), Hopkinson ( 2011) and Mu, Cheng Chohr and Peng (2013) have  demonstrated  the importance of employing 
formalised risk management maturity assessment process to measure risk management process, culture, practice and 
resources. The studies developed several risk management maturity models ‘RM3’ as tools to systematically assess 
risk management maturity level of organisations on construction projects. Similarly, Loosemore,  Raftery, Reilly and 
Higgon (2006) observed that, the risk management maturity levels of organisations vary on different attributes.  For 
instance, an organisation can have a high maturity level in risk management resources but low maturity level in risk 
management process and practice.   
Knowledge of the maturity levels on each attribute helps to identify the areas of strengths and weaknesses of 
organisations (Hopkinson, 2011). ‘RM3’ methodology also provides systematic approach for assessing separately the 
maturity levels on different RMC attributes. The RMC attributes adopted in the existing‘RM3’ tools are described in 
Table-1. The existing ‘RM3’ also described 4-5 different maturity levels of risk management capability using different 
terms. The terms used are as shown in Table-2.This paper adapted the technique, attributes and maturity levels of the 
existing ‘RM3’ to assess the risk management capability of the highway contractors in Nigeria. 
 
4. Research Methodology 
 
The methodology for assessing the risk management capability of the construction organisations on highway 
rehabilitation projects was adapted from the researches undertaken by Carr and Tah, (2001), Zou, et al., (2010) and 
Mu et al. (2013). The assessment procedure underlying this paper involved project specific questionnaire surveys of 
the construction organisations and the executed sixteen highway rehabilitation projects in the South west of Nigeria 
selected as case studies for the research. Attributes and dimensions of risk management capability were identified 
through extensive review and evaluation of the existing models and literatures on organizational risk management 
capability. Four attributes and twenty six question items on the dimensions of risk management capability were 
identified. The attributes and dimensions were used to construct a hierarchical structure of risk management capability 
attributes and dimensions using cause and effect diagram. The hierarchical structure is shown in figure-1.Data 
collected were analysed using fuzzy synthetic evaluation model to compute the attributes index, ‘AI’ and risk 
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management maturity index, ‘RMMI’ of the construction organisations. 
 
4. Questionnaire survey 
 
Two sections questionnaire was developed. Section A was designed to collect general information on the 
respondents and the scales for rating the risk management capability attributes. Section B contains a list of twenty six 
question items on four attributes and nineteen dimensions of organisational RMC. The respondents were required to 
rate the RMC (dimensions) level of their own organisation using a four point maturity levels of naïve=0-0.25, 
novice=0.26-0.50, managed=0.51-0.75 and optimized=0.76-1.0. The questionnaire was administered to five senior 
staff from each of the construction organisations that executed the sixteen highway rehabilitation projects sampled for 
the research. The five senior staff comprised of construction project team members and staffs from other business 
units of the respective organisations. 
 
5. Fuzzy synthetic evaluation 
 
Fuzzy synthetic evaluation is an application of fuzzy set theory. The evaluation method was used in Xu et.al. (2010) 
to assess risk events on PPP projects in China and Mu, Cheng, Chohr and Peng (2013) also adopted the same method 
in assessing the risk management capability of contractors in subway projects in China. Four fuzzy synthetic models 
were identified from the previous studies and model 3 was adopted in this paper. The model was chosen because it is 
suitable for handling multi-criteria condition and when the weighting of each criterion are not significantly different. 
The evaluation approach involves the following steps:             
 
  Table 1. Attributes of risk management capability adopted by different authors 
Model authors Attributes of risk management capability adopted 
Culture & 
awareness 
Experience management 
process 
Application& 
practice 
Projects 
Stakeholders 
Knowledge & 
project 
management 
Ren  & Yeo 
(2004) 
Attitude, 
Leadership 
Culture &    
Commitment 
- Identification 
Analysis.  
Mitigation. 
- Stakeholders 
Relationship 
Knowledge 
management 
Zou, et 
al.,(2010) 
 Culture   People and 
leadership  
Identification 
 Analysis. 
 
Application & 
practice 
- - 
Hopkinson, 
(2011) 
Culture - Identification 
Analysis. 
Responses. 
- Project 
stakeholders 
Project 
management 
Mu, et al. (2013) Attitude &   
Culture 
- Identification 
Analysis.  
Response. 
Application     
& practice, 
- - 
RMRDPC (2002) -Definition 
-Culture 
Experience Process Application 
 
- - 
IACCM-BRM3- Culture Experience Process Application - - 
RMRDPC =Risk Management Research and Development Program Collaboration, IACCM-BRM3= International Association of Contract and 
Commercial Management-Business risk management maturity model 
Table 2. Comparison of maturity levels used in different risk management maturity models 
Model authors Maturity levels 
1 2 3 4 5 
Hillson, (1997) Naïve Novice normalised Natural  
Ren  & Yeo (2004) Initial repeatable Defined Managed Optimised 
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Zou, et al.,(2010 initial &  ad  hoc repeatable Managed Optimised  
Hopkinson, (2011) Naïve Novice normalised Natural  
Mu, et al. (2013) Naïve Novice managed  Optimised  
RMRDPC (2002) Ad hoc Initial repeatable Managed  
IACCM-BRM3-(2003) Naïve Novice normalized Optimised  
 
5.1. Computation of the mean scores and development of weightings for the dimensions and attributes 
 
Mean score for each of the question items was computed from the respondents’ ratings using the formula:  
      
  Mi =     σ ࢝࢏ࢌ࢏
࢝
࢏స૚
σ ࢌ࢏࢝࢏స૚
                                                                                                                            (Equation-1) 
The weighting for each of the 26 dimensions and attributes was also computed using equation -2 as stated below: 
Wi  =     ெ೔σ ெ೔೙೔సభ
                                                                                                                             (Equation-2) 
 
 
 
 
 
 
 
 
 
 
        
  
 
 
 
Fig-1. Hierarchical structure of the attributes and dimensions of the risk management capability; RMP= risk management process; 
 
5.2. Computation of membership function for risk management capability dimensions  
 
Membership functions for each of the twenty six question items were computed from the respondents’ ratings in 
the questionnaire survey, using Equation 3. Where P1 P2 P3 P4 are the proportion of the frequency of respondents’ that 
selected a particular maturity level to the overall number of respondents.       
 
RISK MANAGEMENT 
MATURITY  
Attributes of Risk Management Capability (RMC) 
Practice & 
applications Culture Resources Process 
RMC Dimensions 
Planning 
Formality Scope 
Application 
Budget       
Materials 
Knowledge/ 
skills        
Experience 
Risk identification 
analysis        evaluations    
response    learning      
monitoring 
documentations 
Attitude to RMP. Belief 
in value   
Trust/confidence. 
Commitment  to policy  
& process. 
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MF     = ௉భ௡௔௜௩௘ + 
௉మ
௡௢௩௜௖௘ ൅
௉య
௠௔௡௔௚௘ௗ ൅
௉ర
௢௣௧௜௠௜௦௘ௗ    = 
଴Ǥସ଴଴
଴Ǥଵଷ 
଴Ǥସ଴଴
଴Ǥଷ଼ 
଴Ǥଶ଴଴
଴Ǥ଺ଷ 
଴Ǥ଴଴଴
଴Ǥ଼଼                                        (Equation-3)  
           ={0.400, 0.400, 0.200, 0.000} 
 
5.3. Computing Trapezoidal membership function for attributes index and risk management capability 
 
The set of criteria in this study comprises of the twenty six question items on the RMC dimensions, Q = (q1,q2…..f26 
) and the set of rating alternatives are the four maturity levels,  E ( e1 , e2 … e4) where e1 = Naive, e2 = Novice, e3 
=Managed, e4 = Optimised.. Hence, Trapezoidal membership functions (TMF) of the AI and RMC were determined 
using model 3 of the fuzzy synthetic evaluation  as described below: 
Model  3:    M (● ,  ), bj= min (1, σ ܹ݅௠ଵ     ൈ  r i j )                                 
bj(I)=σ ሼܹ݅ݔሺ݆ܲ݅ሻሽ௡௜ୀଵ                                                                                                                       (Equation-4) 
Where : bj(I)  =  FMF  for ‘AI’ or FMF for ‘RMC’  
 
For example TMF of culture and awareness for contractor ‘C’ in Table 3 is computed using model-3 as follows:  
 
TMF ={(0.200 0.800 0.000 0.000 x 0.248) + (0.400 0.400 0.200 0.000x 0.230) + (0.400 0.400 0.200 0.000 x 
0.234) + (0.400 0.600 0.000 0.000 x 0.198) + (1.000 0.000 0.000 0.000 x 0.090)} = [0.404 0.503 0.093 0.000] 
 
This process was executed with MATLAB to compute the TMF for all the attributes and the overall risk 
management maturity level for each of the construction organisations (A, B, C, D and E). Results of the computed 
TMF for all the attributes and the risk management maturity level (RMM) are presented in table 3 and 4. 
 
5.4. Defuzzification of the TMF 
 
Trapezoidal membership functions obtained for the attributes and the RMM are defuzzified to obtain the maturity 
level of the construction organisations on different RMC attributes and the overall RMM. Equation-5 was used.  
C=   σ ሺܹܺܴ௡௜ୀଵ ௄ )   ൈ  L                                                                                                            (Equation-5) 
Where: C = crisp value (maturity level) of the TMF for the attributes or the overall RMM;  
W = relative weight of a particular dimension that make up an attribute;     
Rk = degree of membership for each attributes ;  
 L = 0.13, 0.38, 0.63 and 0.88 ; the mid-point of the scale 0-0.25; 0.26-0.50; 0.51-0.75 and 0.76-1.0 for naïve, 
novice, managed and optimised  maturity levels respectively. 
 
For example, RMM or the crisp value of TMF = [0.453 0.529 0.018 0.000] for construction organisation (C) is 
computed as shown below: 
 
    Table 3. Trapezoidal membership function (TMF) for dimensions and the attributes (Contractor C) 
S/N Dimensions/Questions W TMF for dimensions TMF for attributes 
1 Q 1 0.248 [0.200 0.800 0.000 0.000]  
2 Q 2 0.23 [0.400 0.400 0.200 0.000]  
3 Q 3 0.234 [0.400 0.400 0.200 0.000]  
4 Q 4 0.198 [0.400 0.600 0.000 0.000]  
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5 Q 5 0.09 [1.000 0.000 0.000 0.000]  
6 Culture and Awareness   [0.404 0.503 0.093 0.000] 
8 Q 6 0.228 [0.000 1.000 0.000 0.000]  
9 Q 7 0.144 [0.600 0.400 0.000 0.000]  
10 Q 8 0.228 [0.000 1.000 0.000 0.000]  
11 Q 9 0.097 [0.800 0.200 0.000 0.000]  
12 Q 10 0.228 [0.000 1.000 0.000 0.000]  
13 Q 11 0.075 [1.000 0.000 0.000 0.000]  
14 Practice and applications   [0.239 0.761 0.000 0.000] 
16 Q 12 0.118 [0.600 0.400 0.000 0.000]  
17 Q 13 0.087 [0.800 0.200 0.000 0.000]  
18 Q 14 0.106 [0.600 0.400 0.000 0.000]  
19 Q 15 0.074 [0.800 0.200 0.000 0.000]  
20 Q 16 0.254 [0.400 0.400 0.200 0.000]  
21 Q 17 0.361 [0.400 0.600 0.000 0.000]  
22 Risk management resources   [0.560 0.440 0.000 0.000] 
24 Q 18 0.165 [0.000 1.000 0.000 0.000]  
25 Q 19 0.093 [0.600 0.400 0.000 0.000]  
26 Q 20 0.077 [0.800 0.200 0.000 0.000]  
27 Q 21 0.083 [0.800 0.200 0.000 0.000]  
28 Q 22 0.054 [1.000 0.000 0.000 0.000]  
29 Q 23 0.137 [0.600 0.400 0.000 0.000]  
30 Q 24 0.099 [0.600 0.400 0.000 0.000]  
31 Q 25 0.127 [0.600 0.400 0.000 0.000]  
32 Q 26 0.165 [0.400 0.600 0.000 0.000]  
33    [0.522 0.478 0.000 0.000] 
TMF= Trapezoidal membership function, W= relative weightings for each of the dimensions and/or attributes 
 
 
          RMM= 0.453 x 0.13 + 0.529 x 0.38 + 0.0.018 x 0.63 + 0.000 x 0.88= 0.249 
 
This process is followed to compute the maturity level for all the attributes and the overall risk management 
maturity level for each of the construction organisations (A, B, C, D and E). The results of the computed maturity 
levels for all the construction organisations and all RMC attributes are presented in table 5.  
 
 
 
6. Results and Findings 
 
Overall risk management maturity level (ORMML) for all the construction organisations as indicated in Table 5 is 
3.89. This suggests that the construction organisations that executed the highway rehabilitation projects in the South 
West of Nigeria are novice. 80% of the contractors studied are novice while 20% are naïve with RMM index of 0.414, 
0.440, 0.249, 0.370 and 0.471 respectively. This is similar to the maturity level of contractors on subway projects in 
mainland China. This further illustrates that contractors in highway rehabilitation projects in Nigeria are far from been 
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mature. Results of the attribute maturity levels ‘AML’ as shown in table 5 also indicated that all the construction 
organisations operate at novice maturity level in risk management culture /awareness, practice and applications and 
risk management process. However they are more mature in risk management resources than other capability; with 
80% of them operating at maturity level of ‘managed’. The weakest area of RMC observed for all the construction 
organisations are risk management process with ‘AML’ of 0.264, 0.286, 0.249, and 0.279 and 0.331. The results 
therefore show the need to put in place regulations that will compel the assessment of the risk management capability 
of the construction organisations prior to the selection of highway contractors. Such regulations will encourage them 
to improve on their risk management capability and eventually improve the performance on highway delivery. 
 
 
     Table 4. Trapezoidal membership function (TMF) for the attributes and RMM (C) 
S/N RMC attributes w TMF of the Attributes TMF of RMM Level 1 
1 Organisations’ Culture and awareness 0.183 [0.404 0.503 0.093 0.000]  
2 Risk management Practice & applications 0.221 [0.239 0.761 0.000 0.000]  
3 Risk management resources 0.29 [0.560 0.440 0.000 0.000]  
4 Risk management Process 0.305 [0.522 0.478 0.000 0.000]  
5 
    
[0.453 0.529 0.018 
0.000] 
  
     Table 5. Attributes Index and risk management maturity levels of the construction organisations 
S/N RMC Attributes 
AML- 
(A)  
AML-(B) AML-
(C) 
AML-(D) AMLI-(E) ORMML 
1 Organisations’ Culture and awareness 0.378 0.412 0.302 0.390 0.444  
2 
Risk management Practice & 
application 0.337 0.386 0.320 0.323 0.413 
 
3 Risk management resources 0.622 0.644 0.240 0.618 0.656  
4 Risk management Process 0.264 0.286 0.249 0.279 0.331  
       5 RMM   0.414 0.440 0.249 0.370 0.471 0.389 
     
AML= attributes maturity level, RMM= risk management maturity level of each contractor, OMML=overall risk management maturity level for 
all the contractors and  A, B, C, D and E are the construction organisations 
 
7. Conclusion and Significance 
 
This paper presented a systematic approach for assessing risk management capability of the construction 
organisations executing highway rehabilitation projects across the southwest of Nigeria. The research findings 
indicated that the risk management capability level of construction organisations on Federal highway rehabilitation 
projects in Southwest of Nigeria is novice. However they are more mature in risk management resources particularly 
in ‘experience dimension’. The findings also revealed their weakest attribute of risk management capability to be risk 
management process and their area of strength is risk management resource. The study reflects that a systematic 
methodology can provide an objective and comprehensive means of measuring and evaluating risk management 
maturity of the construction organisations on highway projects. The study also provides a basis for comparing risk 
management capability with contractors in other countries. The determination of the maturity levels of individual 
construction organisations on each attributes help to identify their areas of strengths and weaknesses on risk 
management capability. It provides further information that could assist clients of highway projects on risk response 
planning and in the selection of contractors for projects.  It could also guide the construction organisations in their 
bid-no bid decision. However, the findings of this study cannot be generalised for highway contractors in Nigeria, the 
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study have to be extended to highway rehabilitation projects in the remaining five geopolitical zones in Nigeria, and 
the risk management capability of the consulting and client organisations.. 
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